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© Combustion system with low pollutant emission for gas turbines. 

© A combustion system with low pollutant emis- 
sion, of the pre-mixing type for. gas turbines, in 
which the combustion air passes from the interspace 
to the pre-mixing chamber (2) via apertures (25) in 
this latter, their degree oi opening being varied, in 
accordance with the fue! quantity used, by corre- 
sponding apertures (27) in a rotatable drum (28), and 
in which a series of small holes (34) fed with addi- 
tional fuel is provided in the interspace. Further 
flame stabilization expedients and differential cooling 
of the combustion chamber are also provided. 
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This invention relates to a combustion system 
for gas turbines which provides efficient ard pre- 
cise combustion air control on the basis of the 
turbine loading, ensures permanent flame stability, 
prevents the cooling air interfering in any way with 
the combustion and imposes a more or less accen- 
tuated rotary movement on the air-fuel mixture, 
hence minimizing pollutant nitrogen oxide and car- 
bon monoxide emission at all turbine loading lev- 
els. 

The formation of pollutant nitrogen 
known to increase with increasing combus ion or 
flame temperature. 

In the usual known combustion systems of the 
so-called diffusion type in which the fuel is ii 
into a combustion chamber surrounded by art inter- 
space containing pressurized air flowing 
currently to the stream of combustion prod 
comprising holes for the combustion air, s 
termediate apertures distributed over the 
chamber surface for the chamber cooling ; 
holes for the dilution air which reduces th 
perature of the combustion products to : 
acceptable by the turbine, the fuel burns 
quantity always equal to the stoichiometric 
and hence always with a high energy 
and a high temperature whatever the ei 
present, and hence without consequent fl 
bility problems even under low load, but 
dent high pollutant emission, In order to redu 
pollutant emission, use is generally made o 
bustion systems with pre-mixing in which up 
of the combustion chamber, from which it 
rated by a constriction and which is e 
rounded by said interspace containing pre 
air, there is provided a pre-mixing chambsr 
which both the fuel and said combustion 
fed, these mixing at low temperature to s 
tially dilute the fuel before reaching the com 
chamber, so that said combustion is no 
stoichiometric but instead takes place with 
cess of air and hence at a lower temperature 

It has now been found that to achie 
pollutant emission of nitrogen oxides and 
monoxide together with good flame stability it h 
necessary to maintain the combustion air/fu 
around an optimum value corresponding to 
excess of between 1.5 and 2 timejS 
stoichiometric value, this being achievable 
mixing combustion systems at ail turbine 
levels. 

!n this respect, whereas the air flow fed 
combustion systems generally by an axie 
pressor remains substantially constant, tl 
quantity has to be varied continuously on th 
of the turbine loading, so that if said optirr 
excess is achieved at full load, it is no longer 
achieved when the turbine is used at reduced load, 
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ie when using a smaller fuel quantity. In such 
cases the air excess can reach between 4 and 7 
times flie stoichiometric value, with the consequent 
danger of the flame extinguishing. 

In addition to the said possible extinguishing of 
the flame, a further drawback of pre-mixing com- 
bustion systems is that they easily produce unsta- 
ble combustion due to the Fact that the low energy 
concentration present makes the flame sensitive to 
the smallest disturbances, hence producing delete- 
rious pressure pulsation within the combustion 
chamber. 

The object of the present invention is to ob- 
viate the aforesaid drawbacks by providing a com- 
bustion system of pre-mixing type which maintains 
the combustion air/fuel ratio substantially constant 
at its optimum value at all turbine loading levels 
and always ensures flame presence and stability, 
with consequent minimizing of pollutant emission. 

This is substantially attained in that the com- 
bustion air path from the interspace into the pre- 
mixing chamber via apertures provided in the outer 
surface of this latter is interrupted by a valving 
member consisting in practice of a drum rotatable 
on said outer surface of the pre-mixing chamber 
and provided with corresponding apertures ar- 
ranged to cooperate with said apertures in the pre- 
mixing chamber, said drum being driven by an 
actuator, the pinion of which engages a gear sector 
rigid with the drum so as to vary the degree of 
opening of said corresponding apertures on the 
basis of the fuel quantity used. 

tn this manner, depending on the angular posi- 
tion of file valving drum and hence of its apertures 
relative to the apertures of the pre-mixing chamber, 
these latter can be either completely open or their 
degree of opening reduced until total closure is 
achieved. 

Hence when the turbine is to operate at re- 
duced load and thus with less fuel, it is necessary 
merely to conveniently reduce the degree of open- 
ing of said apertures to appropriately reduce the air 
to its optimum value to achieve low pollutant emis- 
sion, because in this manner a restriction is created 
at the apertures so that instead of passing through 
this restriction the air prefers to enter the combus- 
tion chamber through the dilution air holes. 

The surface of the constriction which joins the 
pre-mixing chamber to the combustion chamber, 
and downstream of which the flame develops, is 
provided with a series of small holes for additional 
injection of fuel, which creates a fuel-rich front in 
the flame region and hence makes the Flame sta- 
ble. 

Hence, the combustion system for gas tur- 
bines, comprising a combustion chamber provided 
with small apertures distributed over the entire 
chamber surface for the chamber cooling air and 
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with holes for the dilution air which reduces the 
temperature of the combustion products leaving the 
chamber, this being surrounded by an interspace 
containing pressurized air flowing counter-currently 
to the stream of said combustion products, which s 
interspace also surrounds a pre-mixing chamber in 
which the fuel is mixed with the combustion air and 
which is positioned upstream of said combustion 
chamber and separated therefrom by a constric- 
tion, is characterised according to the present in- 10 
venlion in that said combustion air is taken from 
said interspace via a series of apertures provided 
in the outer surface of said pre-mixing chamber 
and cooperating with corresponding apertures, in a 
drum rotatable on said outer surface of the pre- J5 
mixing chamber, said drum being driven, to vary 
the degree of opening of said corresponding ap- 
ertures in accordance with the fuel quantity used, 
by an actuator the pinion of which engages a gear 
sector rigid with the drum, and in that the surface 20 
of said constriction is provided with a series of 
small holes fed with additional fuel. 

Furthermore, in order to facilitate more effec- 
tive and homogeneous mixing, according to a pre- 
ferred embodiment of the present invention said 25 
pre-mixing chamber has an annular cross-section 
smoothly blending into said separating constriction 
and comprises in its annular interior a radial series 
of perforated tubes fed with the fuel to be mixed. 

The combustion system of the present inven- so 
tion also comprises further flame stabilization ex- 
pedients, to be used, under certain conditions, in- 
stead of or together with the additional fuel injec- 
tion through the small holes in the constriction. 

One of these expedients consists of a central 35 
burner positioned within said pre-mixing chamber 
and fed with additional fuel to effect further fuel 
injection into the the combustion zone downstream 
of said constriction. 

The other expedient comprises a series of <o 
blades previously set at a predetermined adjust- 
able angle to the air-fuel mixture stream within the 
annular interior of said pre-mixing chamber in prox- 
imity to said constriction. 

In this manner, rotary motion is impressed on 45 
the mixture within the annular chamber to a greater 
or lesser extent depending on the blade angle, this 
having a beneficial effect on fiame stability. 

Finally it is believed, as experimental tests 
would seem to confirm, that the presence of cool- 50 
ing air within the combustion zone immediately 
downstream of the constriction can disturb the 
combustion and in particular result in an increase 
in carbon monoxide, according to a further char- 
acteristic of the present invention the combustion ss 
chamber is cooled in a differential manner, in that 
that part of the combustion chamber surface in 
correspondence with the combustion zone down- 



stream of the constriction is no longer provided 
with distributed small apertures for the cooling air, 
but instead is without apertures, and together with 
an outer wall provided with a large number of small 
holes close together defines a small cooling cham- 
ber which communicates with the combustion 
chamber via collector holes provided in that end of 
said small chamber further from said constriction. 

In this manner, the air which enters said small 
chamber under pressure from the interspace by 
passing through said small holes in the outer wall 
creates a number of air blasts against the inner 
wall of the small chamber and hence against the 
surface of the combustion chamber, which effec- 
tively cool it to then flow into the combustion 
chamber but at such a distance away as not to be 
able to influence the combustion zone. 

The invention is described in detail hereinafter 
with reference to the accompanying drawing, which 
shows a preferred embodiment thereof by way of 
non-limiting only, in that technical or constructional 
modifications can be made thereto but without 
leaving the scope of Ihe present invention. For 
example, instead of using a pinion engaging a gear 
sector, said drum can be driven by any other drive 
system. 

In said drawing the figure represents a multi- 
sectional side view of a gas turbine combustion 
system formed in accordance with the invention. 

In the figure, the reference numeral 1 indicates 
the combustion chamber of a gas turbine combus- 
tion system, having its upstream end connected to 
a pre-mixing chamber 2 via a constriction 3, imme- 
diately downstream of which there is the actual 
combustion zone 4 of the chamber 1. The entire 
assembly is surrounded by an interspace 5 con- 
taining air fed under pressure by an axial compres- 
sor, not shown in the figure, and flowing in the 
direction of the arrows 6, ie counter-currently to the 
stream 7 of combustion products leaving the com- 
bustion chamber 1. 

The outer surface 8 of the combustion cham- 
ber 1 is provided with small deflector apertures 9 
for the chamber cooling air 10 and, in the down- 
stream part of the chamber, with holes 11 for air 12 
used to dilute the combustion products in order to 
reduce their temperature to a level acceptable to 
the turbine. That part 8' of the surface 8 of the 
combustion chamber 1 surrounding the combustion 
zone 4 is without apertures 9, and together with an 
outer wall 13 provided with a large number of small 
holes 14 positioned close together defines a small 
cooling chamber 15. In this respect, the pressur- 
ized air 16 passing through said small holes 14 
generates a large number ol air blasts against the 
surface 8', which is hence effectively cooled with- 
out the cooling air 16 being able to influence the 
combustion zone 4 in any way as said air is made 



to flow into the combustion chamber 1 through 
collector holes 17 (only one is visible in the figure) 
provided in that end of the small chamber 15 
further from the constriction 3. 

Said pre-mixing chamber 2 
cross-section smoothly blending into the inter 
3 and comprises in its annular interior a 
series of perforated tubes 18 which are fed with the 
fue! to be mixed via the annular chamber 1 
the pipe 20 passing through the central cavity 
the pre-mixing chamber 2. 

In said annular interior 2 in proximity to the 
interspace 3 there are also provided bladis 22 
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which by means of the pin 23 and fixing nut 2 4 can 
be set at a predetermined angle to the air-fuel 
mixture stream to impress a more or less accen- 
tuated rotary movement on the mixture to 
flame stabilization. 

The combustion air is conveyed from the ir 
space 5 into the premixing chamber 2 via a s 
of apertures 25 provided in the outer surface 26 of 
said chamber. Said apertures 25 cooperate v 
corresponding apertures 27 in a drum 28 wr ich is 
rotatable on said outer surface 26 and is rotated in 
such a manner as to vary the degree of oper ing of 
said apertures 25 in accordance with the quantity 
of fuel used. The drum 28 is rotated by an actuator 
29, the pinion 30 of which engages a gear sector 
31 rigid with the drum 28. 

The figure also shows a central burnsr 32 ao 
inserted into said central cavity 21 and fed with 
additional fuel via the pipe 33, to inject further fuel 
into the combustion zone 4 to maintain the flame 
stable. 

Finally, to achieve effective flame stabil zation 35 
the surface of the interspace 3 is provided wth a 
series of small holes 34 fed with additional fuel via 
the annular chamber 35 and pipe 36. 

Claims 4 0 

1. A combustion system for gas turbines, com- 
prising a combustion chamber provide 1 with 
small apertures distributed over the entire 
chamber surface for the chamber cooling air, 45 
and with holes for the dilution air which re- 
duces the temperature of the combustion pro- 
ducts heaving the chamber, this being sur- 
rounded by an interspace containing piessur- 
ized air flowing counter-currently to the stream so 
of said combustion products, which inte space 
also surrounds a pre-mixing chamber in which 
the fuel is mixed with the combustion Eir and 
which is positioned upstream of said combus- 
tion chamber and separated therefrom by a ss 
constriction, characterised in that said combus- 
tion air is taken From said interspace via a 
series of apertures provided in the outer sur- 



face of said pre-mixing chamber and cooperat- 
ing with corresponding apertures in a drum 
rotatable on said outer surface of the pre- 
mixing chamber, said drum being driven, to 
vary the degree of opening of said correspond- 
ing apertures in accordance with the fuel quan- 
tity used, by an actuator the pinion of which 
engages a gear sector rigid with the drum, and 
in that the surface of said constriction is pro- 
vided with a series of small holes fed with 
additional fuel. 

2. A combustion system for gas turbines as 
claimed in claim 1, characterised in that said 
pre-mixing chamber has an annular cross-sec- 
tion smoothly blending into said separating 
constriction and comprises in its annular inte- 
rior a radial series of perforated tubes fed with 
the fuel to be mixed. 

3. A combustion system for gas turbines as 
claimed in claim 1. characterised in that a 
central burner positioned within said pre-mix- 
ing chamber and fed with additional fuel ef- 
fects further fuel injection into the combustion 
zone downstream of said constriction. 

4. A combustion system for gas turbines as 
claimed in claim 2, characterised in that a 
series of blades is provided previously set at a 
predetermined adjustable angle to the air-fuel 
mixture stream within the annular interior of 
said pre-mixing chamber in proximity to said 



A combustion system for gas turbines as 
claimed in claim 1, characterised in that that 
part of the combustion chamber surface in 
correspondence with the combustion zone 
downstream of the constriction is without ap- 
ertures, and together with an outer wall pro- 
vided with a large number of small holes close 
together defines a small cooling chamber 
which communicates with the combustion 
chamber via collector holes provided in that 
end of said small chamber further from said 
constriction. 
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